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METHOD FOR DRILLING A WELLBORE USING A 
BI-CENTER DRILL BIT 

Cross-reference to related applications 

This application claims the benefit of U.S. Provisional Patent No. 60/219,974, 
filed July 21, 2000. 

Background of Invention 

1. Field of the Invention 

[0001] The invention relates generally to the field of wellbore drilling methods and 
apparatus. More specifically, the invention relates to methods for drilling 
wellbores along a selected trajectory which are directionally stable. 

2. Description of the Related Art 

[0002] Wellbore drilling of earth formations for such purposes as petroleum 

extraction includes rotating a drill bit while applying axial force against the bit. 
Systems for applying the axial force and rotating the bit include drilling rigs which 
may directly rotate a string of drill pipe coupled to the drill bit. Alternatively or 
additionally, various types of hydraulically or pneumatically operated motors can 
be coupled to the bit. These so-called "mud motors" are operated by pumping 
drilling fluid through them. Generally, there are two basic types of mud motors. 
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One type of motor is called "positive displacement". Positive displacement 
motors include a chambered stator in the interior of the motor housing which is 
usually lined with an elastomeric material, and a rotor which is rotationally 
coupled to the motor output shaft (and thence to the drill bit). Movement of 
drilling fluid through chambers defined between the stator and rotor causes the 
rotor to turn correspondingly to the volume of fluid pumped through the motor. 
The other type of mud motor is called "turbine", because the output of the motor is 
coupled to a turbine disposed inside the motor housing. 

[0003] It is known in the art to drill a wellbore along a selected trajectory for the 

purpose of penetrating certain subsurface earth formations which are displaced 
from the surface location of the wellbore. Collectively, the techniques used to 
drill along such trajectories are known as directional drilling. Directional drilling 
includes using mud motors includes using motors having housings which are bent 
to a predetermined angle. These motors cause the trajectory of the wellbore to 
turn in the direction of the interior of the bend in the housing. One class of such 
motors is called "steerable", wherein the predetermined angle is about l A degree. 
When the housing of a steerable motor is rotated by the drilling rig, drilling the 
wellbore progresses so as to substantially maintain the existing trajectory of the 
wellbore. This is called "rotating" or "rotary drilling". 

[0004] To adjust the trajectory of the wellbore using a steerable motor, the rotation 
of the motor housing by the rig is stopped, and drilling continues only by the 
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rotation of the motor output shaft. This is referred to as "slide drilling". As with 
other types of bent housing motors, slide drilling with a steerable motor causes the 
wellbore trajectory to turn in the direction of the bend in the motor housing. 

[0005] It is very important in all types of directional drilling for the drilling 
assembly, including the drill bit, to be dynamically stable so that the selected 
trajectory will be maintained. 

[0006] A particular type of drill bit, generally called a "bi-center" bit, has proven 

useful in certain drilling environments. A bi-center bit generally is characterized 
by having a "pass-through" diameter (the smallest diameter opening through 
which the bit will freely pass) which is smaller than the diameter of the hole 
drilled by such bits when they are rotated. Bi-center bits have proven useful, 
among other applications, when drilling through earth formations which are 
subject to swelling, or for drilling where it is desirable to be able to insert a pipe or 
casing in the drilled wellbore which has an outside diameter as close as possible to 
the inside diameter of a previously set casing. 

[0007] Several types of bi-center drill bits are known in the art. One such bi-center 

bit is described in U. S. patent no. 5,678,644 issued to Fielder, for example. The 
bit shown in the Fielder ! 644 patent includes a pilot section, and a separate 
reaming section which drills a hole having the full drill diameter. Another type of 
bi-center bit is sold under the trade name "Steering Wheel Bi-Centrix", by Reed- 
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Hycalog division of Schlumberger, Houston, Texas. Another type of bi-center bit 
is sold under the trade name Quad-D by Smith International, Inc., the assignee of 
this invention. These bits also have a pilot section and a reaming section. Another 
type of bi-center bit is known as "asymmetric" and does not include a separate 
reaming section, but instead has one side which conforms to a drill radius. The 
other side of the asymmetric bit conforms to a smaller radius to provide the bit 
with a pass-through diameter which is smaller than the drill diameter. One such 
asymmetric bit is sold under the trade name "X-TEND" by Smith International, 
Inc., the assignee of the present invention. 

[0008] Bi-center bits have been difficult to use when directional drilling, because 
they can introduce directional instability in the drilling assembly when directional 
drilling. One reason for the instability is that it is not possible to use stabilizers in 
the drilling tool assembly near a bi-center drill bit. The instability is particularly 
noticed when drilling with mud motors, and more particularly, positive 
displacement mud motors. It is desirable to provide a drilling technique that is 
directionally stable when using mud motors with bi-center drill bits. 

SUMMARY OF THE INVENTION 
[0009] The invention is a method for drilling a wellbore. The method includes 

operating a turbine-type mud motor having a bi-center drill bit coupled to it, and 
applying an axial force to the bit which is selected so that the bit drills in a 
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directionally stable manner. In one embodiment, the motor is a steerable motor 
operated to maintain a selected trajectory of the wellbore. 

[0010] In another embodiment, the motor is either a bent housing motor or a 
steerable motor. The motor is operated to adjust the wellbore trajectory along a 
selected direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[001 1] Figure 1 shows a turbine motor coupled to a bi-center drill bit. 

DETAILED DESCRIPTION 
[0012] Figure 1 shows a drilling tool assembly including a bi-center drill bit 10 
coupled to a turbine-type mud motor 12. The motor 12 is coupled to a drill string 
22, which may include heavy weight drill collars (not shown separately), drill pipe 
(not shown separately) and other devices known in the art to drill wellbores 
through earth formations. The wellbore being drilled is shown generally at 24 and 
the earth formations generally at 26. 

[0013] In some embodiments of the invention, the motor 12 may be turned about 
its power section housing 14 by a drilling rig (not shown) disposed at the earth's 
surface in addition to having its bit box 16 be rotated by drilling fluid flow through 
the power section 14. In these embodiments, the motor 12 is generally a steerable 
motor, wherein the power section 14 includes a bend in the housing of about Vt 
degree. Other embodiments may use a motor having straight power section 14. 

5 



PATENT APPLICATION 
ATTORNEY DOCKET NO.05516/079002 

Irrespective of the type of motor, the bit box 16 is rotated by drilling fluid flow 
through the power section 16. 

[0014] The bi-center bit 10 shown in Figure 1 includes a pilot section 20 and a 

separate reaming section 18. One such bit is sold under the trade name Quad-D by 
Smith International, Inc., the assignee of this invention. Alternatively, the bit 10 
may be an asymmetric type such as one sold under the trade name "X-TEND" also 
by Smith International, Inc. 

[0015] In the invention, the motor 12 is a turbine type because turbine motors 

operate at higher rotary speeds and consequently can operate at lower weight on 
bit than do positive displacement motors in order to achieve a comparable rate of 
penetration. As is known in the art, the rate at which a drill bit penetrates earth 
formation (the rate of penetration - "ROP") is related to both the axial force on the 
bit (weight on bit - "WOB") and the rotary speed of the bit. 

[0016] Drilling with bi-center bits is more sensitive to WOB as a cause of 
deviation of the wellbore from a selected trajectory because stabilizers cannot be 
readily used with bi-center bits. This makes the drill string more susceptible to 
bowing and movement, which would otherwise be prevented when a stabilizer 
could be used. It is thought that the WOB needed with a positive displacement 
motor is above a level that will cause excessive deviation from the desired 
trajectory when drilling with a bi-center drill bit. Because a turbine can drill at 
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higher RPM it can operate with a lower WOB to maintain a comparable ROP to a 
positive displacement motor. 

[0017] It has been determined that drilling with a bi-center bit is more directionally 

stable at lower values of WOB than can be used with a turbine motor. Thus, the 
higher rotary speeds available using a turbine-type motor makes it possible to drill 
through earth formations with a bi-center bit at commercially acceptable ROP, 
while such drilling is more directionally stable. The improvement in directional 
stability makes it easier to drill a wellbore along a selected trajectory, using a 
steerable motor or bent-housing motor, for example. 

[0018] The invention has been described in terms of certain embodiments. Those 

skilled in the art will devise other embodiments which do not depart from the spirit 
of the invention as disclosed herein. Accordingly, the invention shall be limited in 
scope only by the attached claims. 
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